For songbirds that nest multiple times during a season, direct estimates of breeding-season productivity require estimates of season length, renesting-interval length, nesting suc-cess, female survival, and juvenile survival which are parameters that require constant monitoring of females and young during the breeding season. Pease and Grzybowski (1995) developed a model that used nesting success and lengths of the nesting season and renesting interval to estimate seasonal fecundity for a multibrooded species. However, their model probably overestimates seasonal fecundity because it does not incorporate female mortality during the breeding season. Pease and Grzybowski's (1995) model also does not incorporate juvenile mortality, which is necessary to predict breeding-season productivity.
For animal species with short bursts of reproductive effort, breeding-season productivity could be calculated as the product of (1) nesting success (probability of nest surviving until nestlings fledge), (2) mean number of offspring per successful nest, and (3) mean number of nesting attempts per female per year. However, multibrooded species produce juveniles over a period of several months. Juvenile survival during the breeding season is not 100% (An- Our objective was to construct a simulation model that would predict breeding-season productivity for a multibrooded songbird species. Beyond predicting a critical parameter value that we could not measure in the field, the model allows manipulations of demographic parameters, season length, and renesting-interval length that are not possible in empirical studies.
METHODS
We studied multibrooded Wood Thrushes (Hylocichla rnustelina) at the Piedmont National Wildlife Refuge (PNWR) in central Georgia from 1993 to 1996. Radio-marked females began nesting in late April, and the last radio-marked fledglings left the nest in early August. Therefore, the 45-day battery life of our transmitters was shorter than the breeding season.
We estimated daily survival of females and juveniles from radio-marked birds using program SUR-VIV (White 1983), which uses likelihood-ratio tests (LRT) Table 1 ).
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[Auk, Vol. 116 (Table 1) . We compared the model's predicted number of nests initiated by females to field data in an attempt to verify the model's performance. To avoid a Type I error that might occur with a linear regression analysis using so many data points, we simply compared the model's predictions of seasonal fecundity and breedingseason productivity using a Z-test and 95% confidence intervals of the predictions along the sensitivity gradient. (Fig. 2) . Breeding-season productivity of Wood Thrushes at the PNWR was 2.04 _+ 0.12 offspring per female per year using a constant estimate of the number of fledglings per successful nest, and 2.10 _+ 0.11 using a time-specific estimate. With no female or juvenile mortality, the model predicted that seasonal fecundity was 3.04 _+ 0.14 offspring per female.
RESULTS

The model predicted that female Wood
Sensitivity analyses showed that differences in length of the breeding season did not cause variation in breeding-season productivity (62-day vs. 92-day season; Z = 1.05, P = 0.29), and the constant and time-specific models of the number of fledglings per successful nest usually were not different (Fig. 3) The model predicted that breeding-season productivity was approximately zero if juvenile and female daily survival rates fell below 0.975 (100-day survival rate of 0.08). Breedingseason productivity rose sharply within a narrow range of daily female and juvenile survival rates, and 100% juvenile survival resulted in higher breeding-season productivity than 100% female survival (Fig. 4) . High nesting success resulted in higher breeding-season productivity than high adult and juvenile survival rates, and declines in nesting success resulted in an almost linear decline in breedingseason productivity within the range of perturbed values (Fig. 4) (Fig. 2) (Fig. 3) . Shortening the nestbuilding interval resulted in increased breeding-season productivity, as predicted by Jackson et al. (1989) . Therefore, on average, females that are able to remain in their territory and build nests quickly should contribute more offspring to the population. We are not suggesting that our predictions are necessarily true, but rather that they be considered as viable, potentially testable alternative hypotheses. Validation of the model's predictions is problematic, because the outputs are difficult to measure in the field using radio transmitters with short battery life. If telemetry data were available for all juveniles produced by a subset of females, our model could be validated by comparing the actual number of juveniles alive at the end of the year with the predictions of our model parameterized with data from another subset of females. In the only model-validation process that we could perform, the confidence intervals for nesting attempts per female from field observations and model predictions overlapped, suggesting no differences between our model and the real world. However, the large error associated with the field sample could have resulted in a wide range of model predictions being validated.
The predictions of nesting attempts at PNWR may seem high to some biologists, and our data from the southern edge of the Wood Thrushes' range may be unique. However, our model can be applied to any data set for comparative purposes. Future research efforts should be undertaken to provide validation for this model or to explore the effects of longer nest-building intervals and season lengths on breeding-season productivity. Furthermore, we encourage biologists to incorporate models similar to ours in evaluations of population viability. This modeling exercise emphasizes the need for demographic research that simultaneously estimates survival and nesting parameters. Although these types of projects are logistically challenging, they are essential for satisfactory viability analyses.
